An artificial nanostructure inspired by the sea anemone can be used for efficient removal of a wide range of water contaminants.
T he world reached a landmark in 2010 when the global Millennium Development Goal target for use of improved drinking water sources was met ahead of schedule. In 2015, 91% of the global population used an improved water source, although this accomplishment still left more than 660 million people without such access 1 . Sustainable Development Goal 6, "Ensure availability and sustainable management of water and sanitation for all", raised the bar from "improved water sources" to "safely managed drinking water services", including an explicit requirement that drinking water be free from contamination 2 . Human exposure to contaminants in drinking water is affected by the quality of source water and how it is treated, as well as by (re)contamination that can occur during conveyance or in the household 3, 4 . The quality of source waters varies widely, with surface waters generally being more vulnerable to contamination by disease-causing microorganisms (pathogens), groundwater more often having elevated concentrations of naturally occurring substances derived from geological materials (such as arsenic and fluoride), and both being locally affected by industrial contamination associated with production, storage, disposal or accidents. In regions with scarce renewable freshwater resources, saline or brackish water and even treated wastewater effluents may also be further treated to produce drinking water. The enormous variety of potential contaminants in drinking water, particularly those subject to the US National Primary Drinking Water Regulations 5 (see Fig. 1 ), poses a daunting challenge for safe water supply.
The variability in the quality of sources for drinking water is reflected in the application of different types of water treatment technologies 3 . Often, treatment technologies are implemented in series as existing water treatment plants are upgraded to meet new water quality requirements. Serial implementation of technologies can also be necessary if a broadly effective treatment process (such as membrane-based reverse osmosis) requires pre-treatment to maintain performance. Now, writing in Nature Nanotechnology, Liu et al. 6 offer an alternative of radical simplicity that could allow low-and middle-income countries to leapfrog the implementation of multiple technologies for drinking water treatment. Eventual replacement of existing, installed technologies could also simplify operations even where high-quality drinking water is currently provided.
The approach taken by Liu et al. mimics the feeding strategy of Actinia or sea anemone (Fig. 2 tentacles to ensnare its prey. Their Actinialike micellar nanocoagulant (AMC) has an aliphatic core surrounded by an aluminosilicate shell. When used in water treatment, the shell hydrolyses, forming a floc that enmeshes particulate contaminants. This also exposes the aliphatic tentacles of the core, which can adsorb dissolved organic and inorganic contaminants. Thus, AMC can potentially serve to remove a broad spectrum of contaminants. The actual use of AMC in water treatment will depend not only on its effectiveness but also on its feasibility from the perspectives of production, storage and handling. AMC synthesis is based on the hydrolysis of a commercially available chemical to form a quaternary ammonium compound with an aliphatic tail and silanol head group. After condensation of the silanol with aluminium chloride, the product self-assembles into micelles (that is, AMC). At pH < 4, the AMC suspension is stable for an extended period that would allow for storage, shipping and handling.
Performance was tested using a very challenging matrix -effluent from secondary wastewater treatment. Application of AMC showed excellent performance (> 90% removal) not only for typical water quality parameters, such as turbidity and nitrate, but also for organic micropollutants and pharmaceuticals. The performance with nitrate is particularly notable because this contaminant is not removed by conventional coagulants and requires a targeted treatment process (most commonly ion exchange) 3 . Although the reported 94% removal of nitrate by AMC brings the nitrate concentration down to a value that is uncomfortably close to the drinking water standard (0.96 mg l −1 versus 1 mg l −1 as N), the secondary sewage effluent used to test the AMC performance is a much more challenging matrix than would be encountered in actual drinking water treatment.
Confidence in observed AMC performance and in predictions of performance under varying conditions can be gained through the understanding of the mechanistic basis of contaminant removal. Liu et al. use a combination of methods to characterize their nanocoagulant and to explain its coagulation behaviour and performance. Molecular dynamic simulations indicated electrostatic interactions of the nitrate anion with the AMC nitrogen atoms in contrast to the hydrophobic interactions of the analgesic diclofenac with AMC carbon chains. The aggregation of fluorescent dye molecules and their uptake into AMC flocs were also directly observed with fluorescence microscopy.
The further development of AMC for use in water treatment will expand the portfolio of treatment options to address a wide spectrum of contaminants. The test application of AMC to secondary wastewater effluent is also a reminder that the needs and opportunities for water reuse are blurring the distinction between source water and wastewater 7 . Decentralized recycling and reuse offer the possibility of greatly decreasing the demand for water delivery to the household; recovery and treatment of lightly contaminated greywater for household reuse could reduce the average daily global demand of 142 litres per person by up to 65% 8 . The AMC broad-spectrum, singlestep approach challenges the historical development of multiple treatment technologies targeting specific classes of contaminants. Although this approach may eventually have broad utility, we should be wary of succumbing to the lure of a silver bullet or one-size-fits-all solution. Despite long-distance conveyance and global water policies, issues of water supply and treatment have a fundamentally local character, and workable solutions must reflect local needs, contexts and opportunities, including opportunities to recover water, nutrients and energy from wastewater 8 . AMC has the potential to be a valuable addition to the portfolio of options for safe water supply that will help the world to meet the challenge posed by Sustainability Development Goal 6. ❐ Janet G. Hering 
